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Adoption and diffusion of technical capacity-building innovations by small-
scale artisanal fishers in Fiji
Tracy MacKeracher 1,2, Simon J. Foale 3, Georgina G. Gurney 4 and Steven W. Purcell 1
ABSTRACT. Adoption of innovations by farmers and fishers can depend on factors specific to both individuals and their social
contexts. Research on the adoption and diffusion of innovations promoted through capacity-building training can provide lessons to
support the design and implementation of future development programs. We assess the adoption, diffusion, and outcomes of a
livelihoods training program focused on improving postharvest handling and processing of sea cucumbers in 29 coastal villages in Fiji.
One year after delivery of the training program, we conducted interviews with sea cucumber fishers (n = 278) and commercial processors
(n = 12), as well as focus group discussions (n = 27) with women to examine: (1) which modes of training (training video, manual, and
workshops) were most useful; (2) individual- and community-scale characteristics related to adoption and knowledge sharing; (3)
whether training produced long-term changes in processing methods used by fishers; and (4) perceived barriers to adoption. Among
fishers who were exposed to two or more modes of training (n = 97), most (65%) reported the workshop and manual to be equally
useful. Knowledge about the improved methods was shared by 71% of trained fishers and occurred more frequently among women
(80%) than men (64%). Trained fishers used shorter, less variable first cooking durations than untrained fishers, and differences were
significant for two of six sea cucumber species groups. Adoption and knowledge sharing was not significantly related to the multiscale
characteristics examined (age, gender, education, resource dependence, village population size, market access). Some fishers could not
access salt for processing, and others were constrained by patron-client relationships. Our study shows that technical capacity-building
can benefit from complementary training modes, however other constraints on adoption (e.g., access to materials, patron-client
relationships) may need to be addressed to achieve the full benefits of training programs.
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INTRODUCTION
Small-scale fisheries can contribute to reducing poverty in
developing countries (Béné et al. 2007). Consequently, the past
two decades have seen widespread implementation of donor-
funded development projects aiming to improve livelihoods by
increasing fisher income (e.g., FAO Regional Fisheries
Livelihoods Programme 2013). Many overseas-aid funded
projects rely on information-based approaches, with interventions
designed to improve incomes by providing access to new
information about resource harvesting, processing, or
management. However, given a lack of adoption of new
information or innovations, defined as a new or improved idea,
practice, or technology (Rogers 2003), many of these
interventions have not led to sustained changes in fisheries
livelihood practices (see Barclay and Kinch 2013). With small-
scale fisheries under considerable and increasing pressure from
both local and global-scale threats (Cinner et al. 2013, Kittinger
et al. 2013), there is a pressing need to improve our understanding
of the factors influencing adoption of innovations promoted by
livelihood development interventions.  
Livelihood development interventions must be designed and
implemented to maximize adoption. Empirical research in the
agricultural sector has applied diffusion of innovation theory to
explore adoption of innovations (e.g., Krause et al. 2007, Matata
et al. 2010, Lowitt et al. 2015). This and other work has
demonstrated that adoption of innovations can be related to
characteristics of individuals (e.g., resource dependence, age,
gender, education level) and their communities (e.g., population
size, leadership, proximity to markets; see Aguilar-Gallegos et al.
2015, Meijer et al. 2015, Barry 2016).  
Most livelihood development programs have relatively short
project cycles and limited geographic reach. Success thus often
relies on innovation diffusion through social networks. Through
this process, adopters, i.e., individuals applying new technology/
methods in their own practices, share new information with others
in their community (MacVaugh and Schiavone 2010). However,
whether or not knowledge is shared may be related to individual
characteristics such as gender, age, and access to dissemination
tools. For example, mobile phones are common among rural
Papua New Guineans and are now a key mode for information
exchange (Curry and Koczberski 2013, Curry et al. 2016).
Understanding the characteristics of knowledge sharers could
help to target and tailor future training programs in a way that
maximizes their potential effectiveness.  
This study aimed to assess adoption and dissemination of a
livelihoods development program focused on improving
postharvest handling and processing of sea cucumbers in Fiji.
Owing to high demand from Asian markets for sea cucumber in
its dried form (bêche-de-mer; Purcell et al. 2018), sea cucumbers
were reported to be the second-most valuable export fishery in
the South Pacific (Carleton et al. 2013). Sea cucumbers represent
an important income source for many small-scale fishers in the
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Oceania region (Kinch et al. 2008, Barclay et al. 2016, Purcell et
al. 2016a); most of the approximately 300,000 fishers in the region
can be classed as small-scale (Purcell et al. 2013). However, relative
to the end-market value of sea cucumbers, the price offered to
fishers is often low (Purcell et al. 2017). A key factor influencing
the price offered to fishers is postharvest handling and processing
quality (Kinch et al. 2008, Ram et al. 2014, Mangubhai et al.
2017). Thus, improving sea cucumber handling and processing
represents a potential opportunity to improve the livelihoods of
small-scale fishers in this region.  
We explore adoption and diffusion of a training program aimed
at improving sea cucumber harvesting and processing by fishers
in 29 villages in Fiji. We conducted fisher surveys one year after
delivery of the training program to examine: (1) which among
three modes of training (training video, manual, and village-based
workshops) were considered most useful; (2) individual- and
community-scale characteristics related to adoption and
knowledge sharing of the new methods; (3) perceived barriers to
adoption; and (4) whether the processing methods used differed
between trained and untrained fishers. This research offers lessons
to support the design and implementation of future capacity-
building interventions for improving livelihoods in small-scale
fisheries.
METHODS
Study sites and fishery context
We studied 29 coastal communities located across 7 island
subregions of Fiji (Fig. 1). Communities were selected in
consultation with fishery managers from the Fiji Ministry of
Fisheries, who provided advice regarding where fishers were
collecting sea cucumbers. Estimates from experienced exporters
indicated that around 8000 fishers were collecting sea cucumbers
in Fiji. To capture a broad representation of the sea cucumber
fishery, we selected communities across a wide geographic range
irrespective of the intensity of fishing effort and postharvest
processing frequency. All communities were governed by a village
chief and organized by an administrative village headman (a
turaga ni koro). Permission to collect data was gained through a
formal authorization process (sevusevu) with chiefs of each
village.  
Resource management systems were similar among locations,
with marine tenure systems of customary rights (qoliqolis)
restricting harvest of marine resources in certain areas (Govan
2009). At the time of study, up to 27 species of sea cucumber were
harvested by gleaning, breath-hold diving, and, in villages with
exemption permits, scuba diving (Purcell et al. 2016b). Harvested
sea cucumbers could be sold fresh to a commercial processor or
exporter, or processed by fishers and later sold as dried bêche-de-
mer. Postharvest processing involves (1) cutting the animals at a
specific location on the body to remove their guts; (2) cooking the
animals in hot or boiling water; (3) optional smoke and/or salt-
curing; and, often, (4) cooking the product a second time before
drying it in the sun until nearly fully dried (Fig. 2). The ideal
parameters for each of these steps vary among species groups.
Prior to the training program evaluated by this study, the
processing methods used by fishers were often substandard in
comparison to the methods used by commercial processors and
exporters (Ram et al. 2014, Purcell et al. 2016c).
Fig. 1. Map of Fiji with the 7 locations (annotated) and the 29
study communities (green squares).
Fig. 2. Photos depicting capacity building, data collection, and
fishers with processed sea cucumbers in Fiji: (a) a training
workshop at Taveuni, (b) a focus-group discussion session with
women at Vanua Balavu, (c) a fisher in the southern Lau Group
with dried sea cucumbers, (d) a woman fisher at Kadavu with
processed sea cucumbers, (e) a questionnaire-based interview of
a fisher at Vanua Balavu, (f) a fisher with a black teatfish
(Holothuria whitmaei) being salt cured, (g) fisher cooking sea
cucumbers in village on Vanua Balavu. Photos a, g: W.
Lalavanua; photos b, c, d, e, f: S. Purcell.
A livelihoods training program was implemented in each of the
29 study communities from September 2014 to July 2015. The
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Table 1. Descriptions of the dependent variables (knowledge sharing and adoption) and independent variables (individual- and
community-scale characteristics) used to explore adoption and diffusion of methods promoted in a training program on postharvest
processing of sea cucumbers. FS = fisher surveys; VH = village headmen surveys.
 
Variable Description Type Method
Diffusion Whether fishers shared knowledge gained from training (Yes = 1, No = 0) Dichotomous FS
Adoption Whether trained fishers changed their methods (Yes = 1, No = 0) Dichotomous FS
Population Number of people living in the community Count VH
Market access Number of bêche-de-mer buyers to which community has access Count VH
Age Age of fisher, in years Count FS
Gender Gender Dichotomous FS
Education Number of years of school education Count FS
Dependence Whether sea cucumbers are the only marine resource caught and sold commercially (Yes
= 1, No = 0)
Dichotomous FS
program used 3 modes of training: (1) a 44-page training manual
(Purcell 2014); (2) a 21-minute training video; and (3) village-
based workshops. The manual and video, developed through
interviews with commercial processors, illustrated improved
methods on how to handle and process different sea cucumber
species to export quality. The training video was available online
on YouTube and institutional websites, and one DVD version was
given to each village for passing around to fishers via the village
headman or the local fishery officer (Processing sea cucumbers: a
training DVD for Pacific Island fishers; Online English version:
http://www.youtube.com/watch?v=KH6u0oZoclk; Online Fijian
version: http://www.youtube.com/watch?v=9Wd18O1Rdgo&t=1025s;
Downloadable files: http://scu.edu.au/environment-science-
engineering/index.php/125). The hands-on workshops took 1½
days, during which fishers brought their catch and were shown
every handling and processing step. Each training mode explained
the range of appropriate cooking durations (10-30 min.) and salt
curing durations (2-5 days) for different species groups.
Survey methodology and data collection
From November 2015 to September 2016, approximately one year
after delivery of the training program, each village was revisited
to collect data on adoption and diffusion of the training. We
conducted semistructured questionnaire-based interviews with
278 sea cucumber fishers, including both (1) fishers who had never
been exposed to any training (hereafter untrained), and (2) fishers
who had been exposed to one or more modes of training. We
selected respondents using convenience and snowball sampling,
applying a gender inclusive approach (Kleiber et al. 2015) by
interviewing women whenever possible to ensure their
representation in the surveys (Appendix 1, Table A1.1). Surveys
were designed to collect information on (1) which training mode
was considered most useful; (2) individual fisher characteristics
(i.e., age, gender, education level, dependence on sea cucumbers);
(3) potential barriers to adoption; and (4) processing methods
used by fishers. Community-scale data were obtained through
semistructured surveys with 29 village headmen (Table 1; Fig. 2).  
To obtain qualitative information on the perceived usefulness and
consequences of the program, we conducted semistructured
questionnaire-based interviews with 12 commercial processors
and held focus-group discussion sessions with village women (1)
who were involved in sea cucumber harvesting and/or processing
themselves, or (2) whose spouses were involved in sea cucumber
harvesting and/or processing (Fig. 2). We were unable to hold
focus-group sessions in two of the villages because of other
obligations of villagers. We acknowledge that the quantity and
reliability of qualitative information obtained from these sessions
might be reduced due to the fact that (1) the sessions were
facilitated by men; (2) attendance was lower than intended
(average of four women per session); and (3) women were often
eager to return to their daily work.
Data analysis
We used hierarchical linear models to assess whether adoption
and, separately, knowledge sharing by trained fishers could be
predicted by six multiscale characteristics (Table 2). To account
for the clustered structure of our data (i.e., fishers nested within
villages, villages nested within locations) we a priori set location
and village as random effects. This ensured more accurate
estimation by imposing a correlation structure on data collected
from the same village. Adoption and knowledge sharing were
modeled as dichotomous dependent variables, with trained fishers
classified based on whether they had changed their methods
following the training (0 = nonadopter, 1 = adopter), and whether
they had shared knowledge about the new methods (0 =
knowledge not shared, 1 = knowledge shared). Collinearity
among independent variables was assessed (Appendix 1), and
continuous independent variables were standardized by
subtracting their mean and dividing by two of their standard
deviations to gauge their relative importance as the relative
magnitude of their effect sizes. We used Bayesian estimation with
weakly informative prior distributions (Appendix 1), the default
recommended for hierarchical linear models with a binary
dependent variable (Gelman et al. 2008).  
We used hierarchical linear models to test whether trained and
untrained fishers used different processing methods for the six sea
cucumber species groups: Actinopyga spp., Bohadschia spp.,
lollyfish and pinkfish (Holothuria edulis and H. atra), Stichopus 
spp., teatfish (Holothuria fuscogilva and H. whitmaei), and
Thelenota spp. During semistructured interviews with fishers, we
collected information on the methods used in five important
handling and processing steps: (1) cut location; (2) water
temperature at first cooking; (3) salt curing duration; (4) first
cooking duration; and (5) second cooking duration (Table 2). Cut
location and water temperature were modeled as dichotomous
dependent variables, with fishers classified based on whether they
used the correct starting temperature for first cooking (1 = cool/
warm; 0 = hot/boiling) and whether they used the correct cut
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Table 2. Summary of Bayesian hierarchical linear models.
 
Dependent variable Independent variable(s) Model error
distribution
Fisher sample Sample size
knowledge sharing population size binomial trained only 53
market access
age
gender
education level
dependence
adoption population size binomial trained only 46
market access
age
gender
education level
dependence
cut location training binomial all 29-36
water temperature training binomial all 81
salt curing training gaussian all 22-42
first cook training gaussian all 33-62
second cook training gaussian all 21-41
location for Thelenota spp. (1 = ventral; 0 = other) and teatfish
(1 = dorsal; 0 = other). We only examined whether training was
related to cut location for teatfish and Thelenota spp. because
optimal cut location for these species is quite specific and
standardized in the marketplace, and because it influences the
quality/value of the final product. Salt curing and cooking
durations were modeled as continuous dependent variables. In all
models, training (trained vs. untrained) was treated as a
categorical fixed effect, with location and village treated as
random effects. Sample sizes for each of the models are outlined
in Table 2. Analyses were conducted using R software (R Core
Team 2018).
RESULTS
Perceived usefulness of training
Of the 278 fishers surveyed, 46% had been exposed to 1 or more
modes of training; 90% of trained fishers had received a manual
and 80% had attended a workshop, while only 20% had watched
the video. The English version of the training video and two other
Pacific Island language versions (Kiribati and Tongan) attracted
high view counts on YouTube but the Fijian version did not. We
discovered that some fishery officers and village headmen had not
passed around the training DVDs that we had left in their care,
and as a result many fishers were unaware of them. Among trained
fishers, most (76%) had received two or more forms of training
(e.g., they received a manual and attended a workshop). Of these,
5% reported the manual as being the most useful, 29% found the
workshop to be most useful, and 1% reported the DVD to be most
useful; the rest (65%, n = 64) reported the workshop and manual
to be equally useful.
Characteristics associated with adoption and knowledge sharing
Among trained fishers surveyed (n = 128), 36% responded about
whether they had changed their methods following the training,
with most (89%) reporting that they had. Although adoption
occurred more frequently among men (96%) than women (80%),
differences were not significantly related to individual or village-
scale characteristics (Fig. 3a). Among trained fishers who
responded about knowledge sharing (n = 56), most (71%) reported
passing on knowledge about the new processing methods.
Although knowledge sharing occurred more frequently among
women (80%) than men (64%), our analyses indicate that
knowledge sharing did not differ significantly with gender, nor
any of the other multiscale characteristics examined (Fig. 3b).
Comparison of processing methods used by trained and untrained
fishers
Among the 278 fishers surveyed, 30% were processing the sea
cucumbers they harvested, while the remaining 70% were selling
raw products to commercial processors. Among fishers who
reported to be processing their catch (n = 82), we found that
trained fishers (n = 53) did not differ significantly from untrained
fishers (n = 29) with respect to whether they (1) cut teatfish
correctly; (2) cut Thelenota species correctly; and (3) used the
correct starting water temperature for cooking (Appendix 1, Table
A1.3). First-cooking durations were less variable and shorter (on
average) for trained fishers compared to untrained fishers,
however differences were only significant only Bohadschia spp.
and pinkfish/lollyfish (Fig. 4a; Appendix 1, Table A1.3). Many
of the untrained fishers used excessively long cooking times in
comparison to the best-practice durations (dashed lines, Fig. 4a).
Trained fishers used more appropriate salt curing and second
cooking durations (i.e., longer salt curing, shorter cooking) than
untrained fishers, on average (Fig. 4b, c). However, the durations
were highly variable among fishers and thus did not differ
significantly between trained and untrained fishers for any of the
six species groups (Fig. 4b, c; Appendix 1, Table A1.3).  
During the time at the end of the interviews for volunteered
comments, eight fishers asked if  there could be follow-up
workshops or commented that follow-up visits about processing
should be held, one of whom suggested biennially. Women in two
focus-group sessions also gave unsolicited comments that they
wanted further workshops on processing.
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Fig. 3. Individual- and community-scale (underlined)
socioeconomic characteristics and their relationship to (a)
adoption of new methods by trained fishers (n = 46); and (b)
knowledge sharing by trained fishers (n = 53). Parameter
estimates are highest posterior density medians (black dots)
and associated 95% uncertainty intervals (UIs), estimated from
Bayesian hierarchical linear models. Estimates to the right of
the dashed line indicate that the variable was positively related
to adoption or knowledge sharing. Reference category: Gender,
“Female”; Dependence, “No”.
Perceived barriers to adoption
Many fishers (n = 39) reported problems in applying the new
methods, and 11 reported more than 1 problem. Lack of access
to coarse salt for salt-curing was the most commonly cited barrier
to adoption, reported by 33 fishers. This issue was also raised in
four focus group sessions, with women reporting that they had
not implemented the new processing methods because they were
unable to purchase coarse salt. Other issues highlighted were the
lack of access to a smoker (n = 3), the cost of salt (n = 2), the
failure to receive higher prices for their better-processed product
(n = 1), and buyer preference for the unprocessed product (n = 2).
Five fishers mentioned at the end of interviews that they would
like to do more processing, but that they did not have the required
equipment.
Other outcomes of training
Among trained fishers responding about a change in time spent
processing their catch (n = 46), the majority (67%) said they spent
the same or less time processing their catch than before the
training. An increase in time spent processing was reported more
frequently among women (42%) than men (26%). Although
fishers who reported spending more time on processing (n = 15)
claimed that the quality of their bêche-de-mer product had
improved, some (n = 8) mentioned that the extra time took time
away from other important activities, in particular, socializing,
resting, and/or family time. This issue was also raised in five of
the focus groups, with some women commenting that applying
the new methods left them with less time for cooking, weaving,
household chores, socializing, and spending time with family.  
Among the commercial processors surveyed (n = 12), 83%
reported that the program had been good for the industry; the
key reason provided was that processing methods had improved
Fig. 4. Differences in sea cucumber (a) first cooking duration;
(b) salt curing duration; and (c) second cooking duration
among trained (blue bars) and untrained (yellow bars) fishers
across six harvested species groups: Bohadschia spp. (Boh),
Actinopyga spp. (Act), teatfish (Teat), lollyfish and pinkfish (L
& P), Thelenota spp. (The), and Stichopus spp. (Sti). Dashed
lines indicate the minimum and maximum cooking durations
considered appropriate for a particular species group. Salt
curing was an optional processing step, with a recommended
duration of between two and five days.
Ecology and Society 24(2): 3
https://www.ecologyandsociety.org/vol24/iss2/art3/
as a result of the training. The two processors who believed that
the training hadn’t affected the industry said that this was because
they were still buying mostly unprocessed sea cucumbers and
conducting most or all the processing themselves. This is
consistent with explanations by some fishers and by women in
two focus groups, specifically, that many fishers rely on processors
to supply a boat and fuel, and in return must sell their raw catch
directly to the commercial processors.
DISCUSSION
Perceived usefulness of training
Most fishers who had been exposed to two or more modes of
training found the manual and workshop to be equally useful,
suggesting complementarity of these training modes. Employing
multiple modes of communication is a hallmark of strategic
communication aimed at behavior change because the various
forms of communication can be employed for different purposes
and feasibility is context dependent (Santucci 2005). We posit that
the workshop might have been particularly useful for introducing
the new processing methods with a limited number of sea
cucumber species, while the manual provided information for the
full range of fished species and could be referred to repeatedly.  
A surprisingly small proportion of respondents considered the
training video and DVD to be most useful, a finding which offers
lessons for future programs. The power of images to convey
complex messages across cultural and linguistic boundaries is well
recognized (Foale 2013, Bucchi and Saracino 2016), yet fewer
people than we expected had access to watch the DVD or viewed
the videos online. The failure of some village headmen and fishery
officers to distribute the DVDs suggests that future programs
should organize viewing sessions in villages instead of relying on
intermediaries to pass on training materials.
Characteristics associated with adoption and knowledge sharing
Rural Pacific Islanders are well known for their rapid adoption
of new technologies, species, or cultivars that deliver (or are
believed to deliver) increased farming or fishing yields (Macintyre
and Foale 2013). Examples of relatively recent fishing innovations
include a modified dredge for harvesting sea cucumbers
(Christensen 2011), and lights combined with gill nets for
harvesting small pelagic fishes from dugout canoes at night
(Roeger et al. 2016). Previous studies found relationships between
adoption and diffusion of innovations and various
socioeconomic characteristics of individuals and their
communities (e.g., Aguilar-Gallegos et al. 2015, Meijer et al. 2015,
Barry 2016). Our analyses indicate that adoption was not
significantly related to the multiscale socioeconomic
characteristics examined, with the possible exception of gender.
Variation in adoption may thus be driven by other factors not
captured in our analysis. Indeed, we found that adoption was
constrained by access to materials, value-chain problems (such
that better-processed products did not result in higher buying
prices), and existing patron-client arrangements that required
fishers to sell unprocessed sea cucumbers. Future programs may
therefore benefit from preliminary research to understand the
factors relevant to adoption in a given context, so that the
adoption and spread of innovations can be maximized.  
Although a higher percentage of women shared knowledge about
the new methods compared to men, our analysis indicated that
knowledge sharing was comparable between men and women and
was not significantly related to the other characteristics examined.
Work by Thomas and Caillon (2016) on the sharing of valuable
plant cultivars suggests that social status may influence the degree
to which valuable knowledge is shared. Further, other likely
factors of importance are the ease with which (1) new processing
methods can be directly observed by others (Macintyre and Foale
2013), and (2) the benefits for adopters are discernible and/or
communicated by them.
Processing methods used by trained and untrained fishers
We found that cooking durations used by trained fishers were
shorter (on average) and less variable than untrained fishers, but
only significantly shorter for two of six sea cucumber species
groups. There are likely various reasons why some fishers did not
adopt this change and/or retain it over the long term. Repeated
training (i.e., follow-up visits) could perhaps promote more fishers
to retain the processing methods in the long term. Similarity in
salt curing durations between trained and untrained fishers is
likely attributed to the fact that before the training, Fijian fishers
were already generally salting their sea cucumbers for a suitable
number of days (average across species 2.4-3.3 days; Purcell et al.
2016c), so the methods promoted in the training did not represent
a marked departure from the status quo.  
Observed gender differences in the reported changes in time taken
to process sea cucumbers following the training interventions are
intriguing. Women might have been focussing more on those
aspects of processing that required an increased time investment,
such as smoking and salting. This increased workload, or just the
“perception” of increased workload, to apply the new methods
could limit adoption by villagers. Future capacity building of
fishers could benefit from more qualitative research to understand
differences in workloads and available time.
Barriers to adoption and other lessons learned
Lack of access to salt was apparently a key barrier to adoption.
This was partly because many fishers misunderstood that salt
curing was an optional (but recommended) processing step. The
lack of access to salt might be best resolved with the assistance
of national fisheries ministries, who could source the salt at cost
price and sell it to fishers through regional fishery offices.
However, even if  salt could be made available to fishers, the
immediate time and financial cost of constructing salting boxes,
may cause people to discount future benefits from improved
prices. In this case, repeated trainings might impart a stronger
impression of the benefit in terms of improved sale prices (mainly
due to increased weight) relative to the cost, and the difficulty, of
obtaining salt.  
Adoption of the processing methods promoted in the training
may have been constrained by sociocultural factors that were not
captured in our quantitative analysis. For example, our qualitative
data revealed that many fishers relied on commercial processors
to provide a boat and fuel, and in exchange had to sell their harvest
directly to processors. Such patron-client relationships might
constrain adoption of innovations, and could explain why a
relatively small percentage of fishers (30%) were processing their
own catch into bêche-de-mer. Adoption may be further
constrained by an unwillingness to invest the necessary time and
resources if  other activities are perceived to be more useful or
important (Curry et al. 2015). Therefore, livelihood development
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programs might need to also consider broader economic and
sociocultural factors that may hinder or facilitate adoption of
technical capacity-building innovations.
Critiques, caveats, and future directions
Our approach taken to attribution was to compare sea cucumber
processing methods employed by those who had and had not
participated in the training at a single point in time. This approach
relies on three assumptions: (1) prior to the training, there were
no differences between future participants and nonparticipants
with respect to factors that could influence outcomes; (2) that
untrained fishers were not exposed to knowledge gained by other
fishers who participated in the training; and (3) there were no
contemporaneous factors that were correlated with the project
and that could affect outcomes (Ferraro 2009). Given we cannot
test these assumptions with our data, our ability to attribute any
differences in processing practices employed by trained and
untrained fishers to the training is curtailed.  
A further limitation is that we relied on self-reported (rather than
observed) data. Research on human behavior often relies on self-
reporting (e.g., Agrawal and Gupta 2005, Gurney et al. 2016), but
discrepancies between reported and observed behavior can occur
(Armitage and Conner 2001). This is common if  the respondent
perceives that the interviewer desires certain responses, potentially
leading to social desirability bias. Triangulating data from
multiple sources (including focus groups with fishers and sea
cucumber buyers) provided us with some insight into potential
discrepancies. Research is underway to examine the broader
socioeconomic and ecological impacts of this capacity-building
program.  
When communicating information to promote changes in
behavior, the messenger is often as important as (or more
important than) the message (Foale 2013). Indeed, the presence
of opinion leaders has been shown to influence adoption (Blythe
et al. 2017). Thus, the effectiveness of development programs
aiming to improve livelihoods may be enhanced by partnering
with members of the target communities who are well-connected,
respected, and influential within their community. Once
identified, these individuals could play a role in implementation
of capacity-building programs by facilitating or leading training
activities (e.g., workshops).
CONCLUSION
This study intentionally involved a training (intervention) stage,
a one-year period of adoption, and a multilevel assessment aimed
at informing the design of future programs to maximise
innovation adoption and diffusion. Although the minority of
trained fishers reported that they adopted new processing
methods, there were consistent differences (albeit generally not
statistically significant) between trained and untrained fishers
with respect to cooking durations, a key factor in proper
processing. Variation in adoption among trained fishers was not
related to the socioeconomic characteristics we examined,
suggesting that other factors influence adoption. We found that
adoption of new processing methods was constrained by factors
including access to materials, value-chain problems (such that
better-processed products did not result in higher buying prices),
and existing patron-client arrangements. Multiple training modes
appear to be useful for these small-scale fishers, however the utility
of training videos might be country specific. Our study
emphasizes that capacity-building is just one part of livelihood
development, and that achieving long-term adoption of
innovations might require continued training, support to fishers
for access to materials, and initiatives to develop alternative
relationships with traders.
Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/10777
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Appendix 1 – Supplementary Information 
 
Table A1.1 Summary statistics of respondents of fisher surveys.  
Location/village Mean age (± SD) Percentage 
processing 
their catch 
No. men 
surveyed 
No. women 
surveyed 
Village 
population  
Bua      
   Galoa (Bua)  39 (11) 85 6 7 240 
   Yadua 38 (9) 30 6 4 180 
   Yaqaga 34 (9) 58 7 5 152 
Cakaudrove      
   Nanuca  43 (11) 9 7 4 120 
   Tacilevu 41 (9) 0 3 10 427 
   Vunisavisavi  40 (13) 47 8 7 35 
Kadavu      
   Galoa 
(Kadavu) 
 40 (11) 0 6 3 140 
   Matanuku  45 (13) 73 5 6 67 
   Muani  50 (10) 27 1 10 275 
   Narikoso  35 (12) 0 7 4 108 
   Vabea  34 (10) 0 7 3 76 
Lau (South)      
   Dakuiloa  34 (10) 14 11 3 67 
   Tubou  40 (11) 43 3 4 627 
   Waciwaci  42 (11) 11 8 1 120 
   Waiqori  31 (11) 13 8 0 85 
   Waitabu  30 (10) 56 7 2 145 
Ra      
   Drauniivi  42 (17) 0 7 1 680 
   Malake 33 (7) 0 10 3 1153 
   Togovere  42 (11) 0 5 6 300 
Taveuni      
   Dreketi 34 (6) 33 3 0 260 
   Lavena 38 (8) 36 4 7 535 
   Naselesele  44 (12) 100 2 7 300 
   Qeleni  45 (12) 100 2 8 338 
   Vuna 32 (3) 100 2 0 402 
Vanua Balavu      
   Avea  33 (14) 0 11 0 120 
   Cikobia 32 (7) 0 9 0 62 
   Daliconi 32 (9) 13 8 0 108 
   Mavana 57 100 1 0 215 
   Narocivo  31 (9) 22 6 3 96 
Overall  38 (12) 29 170 108  
  
Text A1.2 – Model specification and diagnostics 
 
Prior to the Bayesian analyses, covariates were checked for collinearity by calculating 
correlation coefficients and variance inflation factors. Models with a binomial response 
variable were fit using a binomial error distribution, with ~Cauchy (0, 2.5) priors for the 
covariates and a ~Cauchy (0,10) intercept (Gelman et al. 2008). Models with a continuous 
response variable were fit using a gaussian error distribution and flat, non-informative N (0, 
100) prior distributions for fixed parameters (intercept and covariates).  
 
Model convergence was assessed visually using trace plots (Brooks and Gelman 1998) for 
three simultaneously running Markov chains of 10 000 iterations (including a discarded 5 
000-iteration burn-in) with a thinning rate of 5 to generate 1000 samples from the posterior 
distribution of each model parameter estimated. To make inferences about (1) the effect of 
individual and community-scale variables on adoption and diffusion (knowledge sharing), and 
(2) the relationship between training and the processing methods used, we used highest 
posterior density medians (for logistic models) and means (for all others) and their associated 
95% Bayesian uncertainty intervals. Means and medians were estimated from stable posterior 
distributions generated by Markov-chain Monte Carlo sampling from a model run for each 
parameter.  
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Table A1.3. Summary results of Bayesian hierarchical regressions that tested whether trained and untrained fishers differed in the processing 
methods employed for six harvested sea cucumber species groups: Actinopyga spp. (ACT), Bohadschia spp. (BOH), lollyfish and pinkfish (L & 
P), Stichopus spp. (STI), teatfish (TEAT; Holothuria fuscogilva and H. whitmaei), and Thelenota spp (THE). Values are highest posterior density 
medians (for water temperature, cut location) and means (for first and second cook duration, salt curing duration) and 95% uncertainty intervals 
(in parentheses).  
Species Water temperature Cut location First cook duration Second cook duration Salt curing duration 
ACT – – –1.55 (–10.38, 6.97) –4.82 (–18.37, 9.06) 0.49 (–0.20, 1.22) 
BOH – – –10.45 * (–17.55, –2.8) –8.89 (–21.17, 3.20) 0.57 (0.01, 1.17) 
L & P – – –10.36 * (–18.12, –2.54) –8.98 (–21.67, 4.40) 0.41 (–0.17, 0.98) 
STI – – –12.38 (–26.67, 2.15) –14.12 (–1.77, 10.73) –0.20 (–0.88, 0.49) 
TEAT – -1.06 (-3.40, 0.77) –4.12 (–13.25, 5.32) –9.69 (–27.26, 6.64) –0.31 (–0.52, 1.15) 
THE – 0.24 (-1.67, 1.99) –6.46 (–18.23, 6.25) –14.27 (–35.54, 6.19) 0.07 (–0.80, 1.04) 
All -0.03 (-1.36, 1.17) – – – – 
* Indicates evidence for differences between trained and untrained fishers, as 95% uncertainty intervals do not intersect zero. 
